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AC LINE VOLTAGEREGULATOR

KS-15508

MOTOR-DRIVENAUTOTRANSFORMERTYPE

OPERATING

1. GENERAL

1.01 This section covers the operationof
ac line voltage regulators KS-15508~

of the motor-driven,continuouslytapped
autotransformertype. They were designed
to provide regulatedac power from an ac
power servicewhich is subject to variations
in voltage greater than the limits accept-
able for the connectedapparatus. They are
suitable for use over a range of 55 to 65
cyclesand are available~in a variety of
capacities,for the followingvoltage rat-
ings.

Range Regulated
Input Volts output volts Phase

95
195
180
195
180

to 135 115 1
to 255 230 1
to 225 208 1
tO 25s
tO 225

230
208

3
3

Caution: As these regulators include
circuits or 15 Volts or more, care
must be used t; avoid contact-wztnex-
posed termtnals. whenever practlcaoleD
maintenanceWork should be done With
%he equipment disconnectedrrom the
power supply.

1*O2

1.03

1.!)4

least

1.05

This section is reissued to add the
list 10 line voltage regulator.

The apparatus is intended for general
application,as required.

Routine checks should be made during
a period when they wL1l cause the
unfavorablereaction on service.

For the maintenanceof the motor-
drivenautotransformer,see Section

028-706-701. .

I.*o6 Informationin this section is ar-
ranged under the followingheadings:

1. GENERAL

2. OPERATION

2.01 Description
2.09 Regulation
2.12 InitialPreparationand Ad-

justments
2.13 Routine Adjustments (Normal

Operation)

3* GENERAL TROUBLES

METHODS

2. OPERATION

Descrfntion

2.01 The 208/2>0 volt, single-phaseregu-
lator (see Fig. 1) consistsof a

motor-drivenvariableautotransformersT3~
a fixed-ratiobuck-boost transformer~T4,
an output voltmeter,and associated con-
trol equipment. A tapped autotransformer,
T5t is provided to supply 115 volts throu
a fuse to the control circuit. Terminal F
of this autotransformeris used in 2>0-volt
service and terminal3 in 208-volt service.
Terminal M of the variable autotransformer
T3 (X wiring) is connected through a fuse
to supply the motor.

2.02 The 115-volt, single-phaseregulator
is similar, except that the control

circuitand motor are connected (W wiring)
through fuses to the lines and that trans-
former,T5, is omitted as well as terminal
M ofT3.

2.0> Single-phaseregulatorsare protected
against excessive current,either by

a fuse connectedin the brush lead (Y wir-
ing) or by a manually operated circuit
breaker (Z wiring) which has its operating
coil similarly connected.

2.o4 The 208/230 volt, 3-phase re@atOrS
(see Pig. 2) consist of three variable

autotransformers~T3~ assembled so as to be
drivenby a single ❑otor~ three fixed-ratio
buck-boost transformers)T4, an output volt-
meters and associated controlequipment.Two
tapped autotransformers,T5, are provided to
supply 115 volts, through fuses, to the
motor and the control circuit. Terminal 4
of these autotransformersis used in 2>0-
volt service and terminal 3 in 208-volt ser-
vice. All >-phase regulatorsregulate only ~
one phases so load unbalancemight result
In poorer regulationfor the unregulated
phases than that speclfled.

2.05 The list 10, 208/2>0-volt,3-phase
regulator (see Fig@ 3) consistsOf

four variableautothansformers~Tls assem-
bled so as to be driven from a single motor)
two fixed-ratiobuck-boost transformers,T~
two parallelingchoke coils, T2, an output
voltmeter,and associated control equipment.
Two tapped autotransformers,T4, are pro-
vided to supply 115 volts, through fusesj
to the motor and the control circuit. Ter-
minal 4 of these autotransformersis used
in 230-voltservice and terminal3 in 208-
volt service. J
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2.o6 In all cases, the output voltage IS
adjusted by means of the OUTPUT VOLT-

AGE potentiometer(see Fig. 1). The sensi-
tivity of the regulator)defined as thevalue
of voltage departurefrom the nominal which
wtll cause the regulator to corrects is ad-
justedby means of the SENSITIVITYrheostat.
These controlsare mounted on the panel and
are ajdusted by means of a screwdriver.The
pilot lamp) mounted on the control panel,
indicatesthe presence or absence of power
in the control circuit. The remainder of
the control circuit is located in the re-
movable control unit. The entire control
circuit is shown schematicallyin Fig. 4.

2.07 The output voltage of the variable
autotransformeris applied through

its associated fixed-ratiotransformerto
boost or buck, as required, the voltage at
the output side of the regulator. Varla-
tlon in the output voltage of the auto- “
transformeris obtained through the rotation
of its brush by the motor under the control
of relays which are located in the control
unit.

2.08 In the control circuit (see Fig. 4),
the output voltage of the regulator

Is applied, either directly or through an
autotransformer,across winding 1-2 of
transformerTl, through resistors R13 and
R14, the coils of relays RLl and RL2, and
across the th ratron tubes Vl and V2. Wind-
ings 3-4 and i-5 of T1 are part of a bridge
circuit including resistorsR6 and R7, the
voltage-sensitiveunit BU1, and potentiom-
eter R1O (mountedon the control panel).
The primary winding of T2 1s connectedas
the measuring element across the bridge.
Windings 3-4-6 of T1 supply the heaters of
V1 and V2 and a bias rectifier consisting
of two varistors1N34, resistor R5, and
capacitorCl. This rectifier provides the
negative dc bias for the grids of thyratron
tubes Vl and V2. Rheost~t Rll (mountedon
the control panel) is connected,through
part of R1O and the primary of T2, to shunt
capacitor Cl and serves as a means of ad-
justing the grid bias which controls the
sensitivityof the regulator. The second-
ary winding of T2 is connectedto the grids
of Vl and V2.

Regulation

2.09 In operation,at the voltage for which
the regulator 1s adjusted, the voltage

between terminal 5 of the voltage sensitive
element (BU1)and the movable contact of
R1O is equal to the voltage between the
movable contact of R19 and terminal7 of
BU1. Since the voltage between T1 termt-
nals 3-4 equals that between T1 terminals
4-5, there is no difference of potential
across the primary of T2 and only the dc
bias voltagewill appear on the grids of
Vl and V2. If the output voltage increases>
there will be a correspondingincrease in
the voltage across the secondary of Tl,
~qually divided between teminals 3-4 and

4-5. Due to the characteristicsofBUl~
the voltage between terminal 5 of BU1 and
R1O contactwill be greater than between
R1O contact and terminal7 ofBU1. Current
w1ll flow in T2 and, Consequently ac volt-
age will appear at the grids of Vl and V2.
If the magnitude of this voltage is suffi-
cient) the appropriate tube will conducts
causing its associated relay,RLl or RL2~
to operate and the motor to rotate the
brush of the autotransformer. As a result,
the decreasing output voltage will bring
the bridge to a balanced conditionand the
motor will stop.

2.10 A decrease in output voltagewill
unbalance the br.ldgein the oppostte

directionand the other tube wI1l conduct,
producing the required correction.

2.11 When Rll is adjusted to decrease Its
resistance,resulting in a decreased

grid bias, a smaller departure of the out-
put voltage from its regulated value will
call for a correction. If,this resistance
is decreased excessively,the regulatorwill
hunt. In practice, thfs rheostat should be
adjusted so that the motor operates fre-
quently enough to keep the output voltage
within the required llmlts but nciso fre-
quently as to cause unnecessarywear.

Initial Preparationand Adjustments

2.12

(a)

(b)

(c)

When putting the regulatar Into serv-
ice fnltially,see that:

All equipment supplied by the regula-
tor is disconnectedfrom it.

Fuses of the correct sizes are in
places as required.

TransformerT5 is connectedat the
correct tap for the power service

voltage.

(d) The circuit breaker or the control
circuit switch, as provided, is closed.

This will light the pflot light and apply
power to the control circuit. After an
interval of 15 to 20 seconds, the regula-
tor will operate, if correctionts re-
quired. Remove the dress cap over the
SENSITIVITY control and with a screwdriver
adjust this control until the regulator
hunts. Then back it off a small amount
to stop the hunting. Replace the dress
cap over the control.

(e) The OUTPUT VOLTAGE control,as covered
above, shall be adjusted to bring the

output voltage within the limits specified
for the office, observing the voltmeter
mounted on the panel.

(f) The output voltage is readjustedwhen
the load is applied, if required.
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Fig. 1 - Circuit of Control Panel and Single-phaseRegulators
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PART OF PLUG
IN c~TROL UNIT
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Fig. 4 - Control Circuit - Schem8tiC



Routine Adjustments (Nomad Operation)

2.1> In normal operation the action of the
regulator should be checbd to be

sure that correctionsare made only as re-
quired to keep the output voltagewithin
limitsc Correct by adjustment of the SENSI-
TWITY control.

2.14 The BUl element is subject to aging,
with the result that the output volt-

age of the regulatorwill decreaseat the
rate of approximatelyone volt per month.
Observe the voltmeterand adjust the OUTPUT
VCLTAGE controlas required. The element
should be replaced when the OUTPUT VGLTAGE
controlhas been adjusted to the end of its
travel.

2.15 In general,a life of 2 years may be
expected of the thyratrontubes and

the BUl voltage sensitiveelement. These
are mounted in the controlunit by plugging
into sockets and, when defective,should be
replacedwith new ones.

2.16 The relays, which also are mounted
in sockets in the control unit, are

expected to have a llfe in excess of 5
years and when defectiveshould be replaced
with new ones.

2.1’7 The SENSITIVITYand OUTPUT VOLTAGE
controlsshould be replaced when de-

fective.

2.18 The controlunit is connectedthrough
a jack and plug arrangementand 1s

removable. It is held in place by two
screws which are located at the top and
bottom, near the center of the control
unit. If trouble 1s definitelytraced to
this unit, after checking the replaceable
elements (see 2.14 through 2.17) and the
motor (see 2.19), it is recommendedthat
this unit be replaced with a new one.

2.19 To check the motor, remove the con-
trol unit, locate the motor terminal

board, and, with the regulatordisconnected
from the power source, remove the three
motor connections Apply 115 volts, 60
cycles, from an external sources to the
black and green leads and then to black and
red leads. It should be possible to run
the brush of the variableautotransformer

ISS2, SECTION 024-470-301

from end to end of its travel. If this iS
not possible) check the several components
of the motor clrcuit~ including the motor
Itself,and make replacementsas indicated.

~. GENERAL TROUBLES

3.01 If any of the following troublesare—
encountered)

possible causes be
listed.

Trouble

No output voltage

High or low
put voltage

out-

Output voltage
unstable

>-phase output
voltage un-
balanced

It Is suggested that the
checked In the order

Possible Cause

AC supply fuse or brueh
circuit fuse blown

Circuit breaker

AC line voltage
linlits

Control circuit
In OFF position

open

outs ide

switch

OUTPUT VOLTAGE control
out of adjustment

Motor supply fuse blown

C&:r:;o:rcult supply

l%ilure of thyratron
tube or relay in con-
trol circuit

Failure of motor

F7Mlure of autotrans-
former

SENSITIVITY control out
of adjustment

nllure of bias supply
to grids of thyratron
tubes

One supply fuse blown

Brush on autotransformer
open
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